NORDITA-96/76 P 
[hep-ph/96 11436| 
Revised December 19, 1996 



Physics Opportunities at ELFEf] 



Paul Hoyer 

Nordita 

Blegdamsvej 17, DK-2100 Copenhagen 0, Denmark 



Abstract 

I review some central physics opportunities at the 15 ... 30 GeV contin- 
uous beam electron accelerator ELFE, proposed to be built in conjunction 
with the DESY linear collider. Our present detailed knowledge of single 
parton distributions in hadrons and nuclei needs to be supplemented by 
measurements of compact valence quark configurations, accessible through 
hard exclusive scattering, and of compact multiparton subsystems which 
contribute to semi- inclusive processes. Cumulative (x > 1, xp > 1) pro- 
cesses in nuclei measure short-range correlations between partons belonging 
to different nucleons in the same nucleus. The same configurations may 
give rise to subthreshold production of light hadrons and charm. 



*Talk given at the meeting on Future Electron Accelerators and Free Electron Lasers, Upp- 
sala, April 25-26, 1996. Work supported in part by the EU/TMR contract ERB FMRX-CT96- 
0008. 



1 Introduction 



The ELFE@DESY project aims at utilizing a future DESY linear electron col- 
lider []T| to accelerate electrons to 15 ... 30 GeV and then use the HERA electron 
ring to stretch the collider bunches into an intense (30 /j,A) continuous extracted 
beam ||. Polarized electrons will be scattered from both light and heavy fixed 
targets, with luminosities in the £ = 10 35 . . . 10 38 cm~ 2 s~ 1 range. In this talk I 
discuss some of the central physics issues that can be addressed with this type 
of accelerator. Since ELFE experiments are many years in the future I shall 
concentrate on questions related to basic aspects of QCD, which will remain 
of fundamental interest and which require the capabilities of an accelerator like 
ELFE. 

Table 1. Features and opportunities of an ELFE accelerator. 



Features 


Opportunities 


High luminosity 

C ~ 10 35 . . . 10 38 cm'V 1 


Study rare configurations 
of target wave function 


Energy 

E = 15 ... 30 GeV 


Perturbative QCD 

Resolution of 0(0.1 fm) 
Charm production 


High duty factor ~ 80% 


Event reconstruction 


High energy resolution 
AE/E ~ 5 ■ 10" 4 


Exclusive reactions 
Inclusive reactions at high x 


Polarization 


Amplitude reconstruction 
Spin systematics of QCD 



In Table 1 I list the main features of the ELFE accelerator, and the oppor- 
tunities that they provide. Compared to existing electron and muon beams, the 
advantages of ELFE are in luminosity (compared to the muon beams at CERN 
and Fermilab), in duty factor (compared to SLAC) and in energy (compared to 
TJNAF). Competitive ELFE experiments will rely on a combination of these 
strong features. The HERMES experiment at DESY works in the same energy 
range but at a lower luminosity and duty factor compared to ELFE. HERMES 
will prepare the ground for ELFE physics, together with experiments at TJNAF 
in the U.S., GRAAL in Grenoble and the lower energy electron facilities ELSA 
(Bonn) and MAMI (Mainz). 
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As I shall discuss below, an important part of physics at ELFE will deal 
with exclusive reactions, or with inclusive reactions at large values of Bjorken 
x = Q 2 /2mv. The energy range of 15 . . . 30 GeV is actually optimal for such 
studies, as seen from the following argument. The inclusive deep inelastic cross- 
section scales (up to logarithmic terms) in the virtuality Q 2 and energy v of the 
photon like 

d 2 a DIS J_ 

dQ 2 dx Q± [) [) 
Exclusive processes are still more strongly suppressed at large Q 2 , eg, 

° -\ep -> ep) oc Fp j^ - ex -j- (x = 1) (2) 



dQ 2 v " g 4 g 12 

Typically we want to reach at least Q 2 = O(10 GeV 2 ) to be able to use per- 
turbative QCD (PQCD) and to have a resolution of 0(0.1 fm). This implies 
v = 0(5 GeV) at large x ~ 1. At ELFE, such energies correspond to the photon 
taking a moderate fraction y — u/E e ~ 0.15 . . . 0.3 of the electron energy, which 
is practical for measurements. This may be contrasted with the situation at 
HERA, which is equivalent to a fixed target experiment with an electron energy 
E e ~ 50000 GeV. A photon with energy v — 5 GeV would at HERA correspond 
to y ~ 0.0001. It is clearly very difficult to measure the large x, moderate Q 2 
region at HERA, but it is the natural territory of an accelerator in the ELFE 
energy range. 

In the following I shall discuss three aspects of physics at ELFE which relate 
to basic issues in QCD: 

• Wave function measurements. Most of our present knowledge of hadron 
and nuclear wave functions stems from hard inclusive scattering, which 
measures single parton distributions. The phenomenology of hard exclu- 
sive scattering, which is sensitive to compact valence quark configurations, 
is still in its infancy. Although considerable progress may be expected in 
this field in the coming years, the measurements are so demanding that an 
accelerator with ELFE's capabilities is sorely needed. On the theoretical 
front, we still do not have a full understanding of which properties of the 
wave function are in principle measurable in hard scattering. It seems plau- 
sible that semi-inclusive processes can be used to measure configurations 
where a subset of partons are in a compact configuration, while the others 
are summed over. 

• Short range correlations in nuclei. Scattering which is kinematically forbid- 
den for free nucleon targets has been experimentally observed, and includes 
DIS at x > 1, hadron production at Feynman xp > 1 and subthreshold 
production processes. Such scattering requires short range correlations be- 
tween partons in more than one nucleon, and thus gives information about 
unusual, highly excited nuclear configurations. 
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• Charm production near threshold.^ Production close to threshold requires 
efficient use of the target energy and hence favors compact target configura- 
tions. Heavy quarks are created in a restricted region of space-time, where 
perturbative calculations are reliable. Both features conspire to make the 
production of charm near threshold a sensitive measure of new physics, in- 
cluding unusual target configurations and higher twist contributions. The 
ELFE accelerator will work in the region of charm threshold (_E 7 ~ 9 GeV) 
and provide detailed information about both charmonium and open charm 
production. 

The above selection of physics topics is obviously far from complete. I refer 
to earlier presentations of ELFE physics @] as well as to the review by Brodsky 
H for further discussions of these and other aspects of QCD phenomenology. In 
particular, I shall not cover here the important and topical area of color trans- 
parency, but refer to recent reviews || and references therein. 



2 Wave function measurements 
2.1 Inclusive Deep Inelastic Scattering 

Our most precise knowledge of nucleon (and nuclear) structure is based on deep 
inelastic lepton scattering (DIS), £N — > £'X, and related hard inclusive reactions. 
As is well-known, DIS measures the product of a parton-level subprocess cross- 
section a and a target structure function F. Thus, schematically and at lowest 
order in the strong coupling a s , 

dMe dQ^d x eX) = ° {eq ~> 6q) Fq/N{x > Q2) [1 + ° {as)] (3) 

The structure functions F q /^ have been measured over an impressive range in 
x and Q 2 , covering .0001 < x < 1 and 1 < Q 2 < 10000 GeV 2 . Their logarith- 
mic Q 2 -dependence ('scaling violations') predicted by QCD has been tested, and 
their 'universality' verified, ie, the same structure functions describe other hard 
inclusive reactions such as pp — > jet + X, n~p — ► ^ + ^ + X, pp — > 7 + X, 
etc. The many detailed measurements and successful cross-checks have together 
established QCD as the correct theory of the strong interactions, and made us 
confident that basic properties of hadron wave functions can be deduced from 
experimental measurements using the methods of PQCD. 

The success of DIS phenomenology should not make us forget that the struc- 
ture function F q / N (x,Q 2 ), no matter how completely known, still only provides 

^^Due to space limitations, this topic is not included in these proceedings, but will be pub- 
lished separately H. 
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us with a very limited knowledge of the nucleoli wave function. In terms of a 
(light-cone) Fock state expansion of the proton wave function, 

\p) = J 'il dxid 2 k ±i {^ uud (xi,k ±i )\uud) 

i 

+ ^ uudg {...)\uudg) +... + *...(...) \uudqq) + ...} (4) 

the structure function F q / p can be expressed as a sum over the absolute squares 
of all Fock components n that contain a parton q with the measured momentum 
fraction x, 

rk\<Q 2 

Fq/ P ( X ,Q 2 ) =Yj II dxid 2 k ±i \^ n (xi, k±i)\ 2 5(x - x q ) (5) 

n J i 

Due to the average over Fock states, the most probable states will typically 
dominate in the structure function. Information about partons which do not 
participate in the hard scattering is lost in the sum of Eq. (pp. The structure 
function is a single parton inclusive probability distribution that does not teach 
us about parton correlations. However, at large values of x the structure function 
singles out unusual Fock states where one parton carries nearly all momentum, 
and all other partons therefore must have low x. 



2.2 Hard Exclusive Scattering 

Clearly, it is desirable to make also other measurements of hadron wave functions. 
This is not as easy as it sounds, given that we only master the perturbative 
region of QCD. We need to study a hard scattering, where the subprocess can be 
identified and calculated, and where the dependence on the soft wave function 
factorizes. The factorization between hard and soft processes is a nontrivial 
feature in a theory like QCD with massless (long-range) gluon exchange. Even 
in inclusive scattering factorization has only been proved for a subset of the 
measureable hard processes 0. 

The hard subprocess can occur coherently off several partons if the distance 
between them is commensurate with the momentum transfer Q. Such ('higher 
twist') processes are more strongly damped in momentum transfer than DIS (cf 
Eqs. ([I]) and (Q)), since the partons must be increasingly close as Q grows. This 
is what happens in hard exclusive processes, where factorization is also expected 
to apply H . As an example, consider elastic electron-proton scattering, ep — > ep 
at large momentum transfer Q (Fig. |l]a). The amplitude for this process has 
been shown to factorize into a product of a hard scattering part T# and proton 
'distribution amplitudes' (p p , 

A(ep^ep) = ['{[dx^ViM^Q^THMy^Q^^ + ^/Q 2 )} ( 6 ) 
Jo i=i 
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a b 

Figure 1: a. Elastic ep — > ep scattering at large Q 2 factorizes into a product 
of proton distribution amplitudes ip p and a hard electron scattering from the 
compact valence Fock state \uud). b. An analogous factorization is illustrated 
for the large angle process n~p — > %°n. 



The proton distribution amplitude is the valence part of the Fock expansion 
(|j), integrated over relative transverse momenta up to Q, 

p p (xi,Q 2 )= ~ ]]_d 2 ki±^ uud (xi,ki±) (7) 

i 

where the Xi denote the longitudinal momentum fractions of the valence uud 
constituents. The integral over the relative transverse momenta ki± implies that 
the transverse size of the valence state is r± ~ 1/Q. The hard amplitude Tjj 
describes the subprocess e + (uud) — > e + (uud), which selects compact \uud) 
states. 

The logarithmic Q 2 dependence of the proton distribution amplitude is given 

by 



tp p (xi, Q 2 ) = 120xix 2 x 3 5(l — x\ — xi — x 3 ) ^2 



a s (Q 2 ) 
n =o ia s (Qo) 

The anomalous dimensions form an increasing series 



Cn-Pn (Xi ) 



2 20 , 24 

A = — < Ai = — < A 2 = — < . . . (9) 
27 81 81 V ; 

implying that each successive term in Eq. ([8]) decreases faster with Q 2 than the 
previous one. The P n are Appell polynomials, Po = 1, -Pi = x\ — %3, P2 = 1 — 
3x2, • • • and the C n are constants which characterize the proton wave function and 
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have to be determined from experiment. The Q 2 evolution of the pion distribution 
amplitude is given by an expression similar to Eq. @. The overall normalization 
of the pion distribution amplitude is fixed by the decay constant f n measured in 
7r — > \w decay. 

Just as in the case of inclusive scattering, the relevance of factorization for 
data on exclusive reactions must be demonstrated by showing that the same (uni- 
versal) distribution amplitudes ifh describe several hard exclusive processes. For 
example, large angle ir~p — ► 7i°n scattering should be described by the diagram 
of Fig. [l|b, which involves the pion and proton distribution amplitudes and the 
(qq) + (qqq) elastic subprocess. Heavy meson decays like B — > nir can also be 
analyzed in the same formalism (assuming that the momentum transfers involved 
are large enough). 

Tests of factorization in exclusive reactions are quite difficult in practice. From 
a theoretical point of view, the calculation of multi-parton scattering amplitudes 
like those in Fig. [I] are very demanding even at the Born level, due to the large 
number of Feynman diagrams. It is also difficult to estimate how high momentum 
transfers are required in order to reach the scaling regime. Thus in Fig. 0a the 
momentum transfer Q from the electron is effectively split among the three quarks 
of the proton. The less momentum a quark carries, the less transfer it needs to 
scatter to a large angle. There is an especially dangerous region where some of 
the valence quarks carry a very small fraction x of the proton momentum, in 
which case they can fit into the proton wave function both before and after the 
hard scattering, without receiving any momentum transfer. There has been much 
discussion as to the importance of this 'Feynman mechanism' ||. The consensus 
appears to be that it is suppressed asymptotically |TUfl due to the Sudakov effect 



11|]: The single quark carrying all the momentum cannot be deflected to a large 
angle without gluon emission. At finite (and relevant) energies, the importance 
of the Feynman mechanism is still not settled - and its significance may depend 
on the reaction. 

An immediate consequence of factorization for exclusive reactions is the 'count- 



ing' or 'dimensional scaling' rule [12|], which gives the power of the squared mo- 
mentum transfer t by which any 2^2 fixed angle differential cross section is 
suppressed (up to logarithms), 



where n is the total number of elementary fields (quarks, gluons, photons) that 
are involved in the scattering. This rule follows from simple geometrical consid- 
erations. Elastic scattering between two elementary fields (eg, qq — > qq) involves 
no dimensionful quantities except s and t and thus obeys Eq. (10) with n = 4 at 
fixed t/s. Each additional field that is involved in the scattering must be within 
a transverse distance of order r_|_ < 1/Q (with Q 2 = —t) to scatter coherently, 
and the probability for that is of 0(1/(Q 2 R 2 )), where R ~ 1 fm is the average 
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radius of the hadron. This rule also explains why the dominant contribution to 
hard scattering comes from the valence Fock states, which minimize the power n 
in Eq. (0). 

It is encouraging (although by no means conclusive) for factorization in hard 
exlusive processes that the scaling rule fllCf ) is approximately obeyed by the data 
for many reactions. Thus, ep — > ep involves a minimum of n = 8 fields, implying 
that the proton form factor should scale as F p (Q 2 ) oc l/Q 4 , as assumed in Eq. 
(|2]). Data is available [13] for Q 2 < 30 GeV 2 and is consistent with this behavior 
for Q 2 > 5 GeV 2 . At the higher values of Q 2 there are indications of scaling 
violations that are consistent with the logarithmic evolution predicted by Eq. 

Tests of the dimensional scaling rules in exclusive reactions are analogous 
to tests of Bjorken scaling in DIS, ie, that the Q 2 dependence of the inclusive 
cross section is given by Eq. (TJ). In DIS, the cross section as a function of x 
then directly measures the structure function F(x). In exclusive reactions the 
situation is not as favorable. The experimentally determined normalization of 
the proton form factor only gives us one number, which is an average of the 
proton distribution amplitude integrated over the momentum fractions Xi carried 
by the valence quarks. To make a quantitative prediction one must know both 
the shape and the normalization of the (non-perturbative) distribution amplitude. 
The good news is that the asymptotic form of the amplitude in the Q 2 — > oo limit 
is known, ip^ s oc X1X2X3 according to Eq. (|8]). The non-asymptotic corrections 
are encoded in the moments Cj which are measurable in principle. Considerable 
efforts have been made to determine the pion and proton distribution amplitudes 
theoretically using lattice calculations and QCD sum rules [13, [T5| . 



One of the simplest hard exclusive processes is the pion transition form factor 
F-TTfiQ), measured by the process ej — > en at large momentum transfer Q, c/Fig. 
|2|a. The existing data |16[ in the range 1 < Q 2 < 8 GeV 2 shown in Fig. |2|b is well 
fit using a pion distribution amplitude close to the asymptotic form ip^ s oc Xix 2 
[ O . Considering that the absolute normalization in the large Q 2 limit is fixed 
by the pion decay constant, = ^/2f n /Q 2 , the agreement is very encouraging 
and indicates that the factorization formalism applies even at moderate values 
of Q 2 . There is evidence, on the other hand, that the asymptotic regime may be 
more distant in the case of the pion form factor measured by en — > en large angle 



scattering [IS 



There are many other processes that can and need to be analyzed experimen- 
tally and theoretically in order to achieve a comprehensive understanding of the 
phenomenology of hard exclusive scattering. A particularly important process 
is virtual compton scattering 7*p — > ^p, which involves no hadrons except the 
proton and offers the possibility of varying independently both the virtuality of 
the photon and the momentum transfer to the proton [19|, [HJ. Many 

exclusive processes involve resonance production and thus require the measure- 
ment of multiparticle final states. It seems clear that the phenomenology of rare 
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a 



Figure 2: a. The pion transition form factor F nl is measured by the process &-/ — > 
e7r, and factorizes at high Q 2 into a product of the calculable hard subprocess 
e7 — > e + (gg) and the pion distribution amplitude ip n . b. Data |16| compared 
with calculations based on a pion distribution amplitude close to the asymptotic 
one (solid line) and one based on QCD sum rules |14] (dashed line). The dotted 
line represents the asymptotic result y/2f n . Figure from Kroll et al. in |T7| . 



exclusive processes requires the capability of an ELFE type accelerator, which 
combines sufficient energy with high luminosity in a continuous electron beam. 



2.3 Scattering from Compact Subsystems 

Both in inclusive DIS and in hard exclusive processes a photon (or gluon) scatters 
fromaparton system (q,g,qqor qqq) with a transverse size of 0(1/Q), compatible 
with the photon wavelength. Intuitively, this is required for the physics of the 
hard perturbative scattering to factorize from the non-perturbative wave function, 
which determines the probability for such compact systems. 

Fully inclusive scattering like DIS measures single parton distributions, with 
no constraint on the size of the Fock state to which they belong. In exclusive 
scattering the whole Fock state is required to be compact. There are also interme- 
diate (semi-inclusive) hard processes where the scattering occurs off multiparton 
subsystems of the hadron, such as qq, gg, etc. The theoretical framework for 
such processes is still incomplete, but the factorization of hard and soft physics 
seems plausible. This would allow experimental measurements of the compact 
subsystems and of the momentum fraction that they carry. 

As an example, consider the semi-inclusive process ep — > en + X sketched in 
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Fig. [5]a, where the pion takes a fraction z of the photon energy v. In the limit 
z — > 1 the photon transfers all its energy to the pion, which selects compact qq 
configurations |22], |23[]. Alternatively (and in fact equivalent ly), the struck quark 
needs to combine with a very soft antiquark to form the pion - such asymmetric 
configurations are short-lived and indistinguishable (by the photon) from compact 
Thus the cross section can be expected to factorize in the z 



21 



1 



qq pairs 
limit as 

a = a(e + (qq) -> e + (qq)) F q q /p (x) |^| 2 (11) 

where F q q/ P (x) is the probability for finding the compact quark pair in the target, 
and the pion distribution amplitude is the amplitude for the pair to transform 
into a physical pion. 




0.8 



0.4 




0.5 0.6 0.7 0.8 0.9 1 



Figure 3: a. Electron scattering off compact qq pairs in the target are selected 
by the semi-inclusive process ep — > en + X when the pion carries a large fraction 

of the ratio o~l/(o"l 



z of the photon energy, b. Model calculation ol trie ratio ol/{&l + o"rJ 
showing how coherent scattering on qq begins to dominate at large z. The curves 
correspond to different choices of the pion distribution amplitude. 



Scattering off qq pairs (having integer spin) can be distinguished from scat- 
tering off single (spin 1/2) quarks through the ratio <Jl/((Tl + &t) of the longi- 
tudinally polarized to total photon cross sections. As is well known, ul = (up 
to higher order QCD corrections) for scattering from spin 1/2 quarks, whereas 
<jt — for scattering on spin diquarks. A calculation of the cross section ratio 
as a function of z based on the model orginally proposed in Ref. [22] is shown 
in Fig. |||b. Experimental evidence for an analogous effect has been seen in the 
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reverse reaction ttN — > + X, where the muon pair takes a high fraction xp 



of the pion momentum [25 



Systematic high statistics studies of semi-inclusive reactions for several tar- 
gets will allow measurements of both the diquark structure function F qq -/ P (x) in 
Eq. ( |TID and of nuclear effects on the pion distribution amplitude (p n , due to in- 
complete color transparency. A precise theoretical formulation of scattering from 
subsystems is called for and progress in this direction is being made ]15L ET[l [26f. 



3 Short Range Correlations in Nuclei 

The inclusive nuclear structure function is to a first approximation given by the 
nucleon one, F q /A(x) ~ AF q / N (x) p7| . Deviations of O(20 . . . 30 %) are observed 
for small values of x ('shadowing') and for x = 0.5... 0.7 (the 'EMC effect'). 
When viewed in coordinate space, one finds |28| that the quark 'mobility distri- 
bution' is almost independent (at the 2% level) of A up to light-cone distances 
(conjugate to Q 2 j2v) of order 2 fm, with shadowing setting in at larger distances. 
Since DIS (at moderate x and in coordinate space) is dominated by the most com- 
mon Fock states, this result shows that typical nucleon configurations are little 
affected by the nuclear environment. The shadowing effect at large light-cone 
distances reflects coherent scattering off several nucleons in the nucleus. 

In contrast to inclusive scattering, hard semi-inclusive and exclusive scatter- 
ing select rare parton configurations, where some or all of the partons in the 
Fock state are at short relative transverse distance. Since such configurations do 
not contribute to DIS at moderate values of x their A-dependence is essentially 
unknown. Clusters that carry more momentum than single nucleons in the nu- 
cleus are of special interest, since they select nuclear configurations where several 
nucleons are at short relative distance. In the parlance of nuclear physics, these 
represent highly excited states of the nucleus (with excitation energies in the GeV 
region) about which we know very little at present. An electron beam of high 
intensity and resolution is essential for mapping out such dense clusters. 

In DIS on nuclei, the fraction x = Q 2 /2m p u of the target momentum carried 
by the struck quark has the range < x < A. Data at x > 1 exists and is difficult 
to explain by standard Fermi motion |29| , |30| , Models based on short-range 



correlations between nucleons [32j and on multi-quark effects [ 33 1 can fit the 
data, but considerably more experimental and theoretical effort will be needed 
to clarify the physics of this 'cumulative' region of nuclei. 

Novel cumulative effects are observed also in nuclear fragmentation into hadrons 
3^, |34], [35]. The hadron (p, tt, K) momentum distributions extend beyond 



xp = 1, ie, their momentum must have been transferred from several nucleons. 
The fragmentation is only weakly dependent on the nature of the projectile or 
its energy, indicating that it measures features intrinsic to the nuclear wave func- 
tion. In these processes the projectile scattering is soft, but there is evidence [BB 
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that the average transverse momentum of the produced hadrons increases with 
xp, reaching (pj_) = 2 GeV 2 at xp = 4 for protons. The cumulative momen- 
tum transfers thus appear to originate in a transversally compact region of the 
nucleus. 

Cumulative nuclear effects have furthermore been observed in subthreshold 



production of antiprotons and kaons [|37|]. The minimal projectile energy required 



for the process pp — * p + X on free protons at rest is 6.6 GeV. The kinematic 
limit for pA — > p + X on a heavy nucleus at rest is only 3m^ ~ 2.8 GeV. This 
reaction has been observed for A = 63 Cu down to Euj, ~ 3 GeV, very close to 
kinematic threshold. Scattering on a single nucleon in the nucleus would at this 
energy require a Fermi momentum of (9(800) MeV. While the pA data can be fit 
assuming such high Fermi momenta, this assumption leads to an underestimate 
of subthreshold production in AA collisions by about three orders of magnitude 

[0- 

It is possible that the subthreshold production of K and p on nuclei involves 
the same compact multiparton clusters that are responsible for scattering with 
x > 1 and xp > 1, although this is far from clear at present. A study of 
subthreshold production using lepton beams could be quite informative, since 
the locality of the reaction can be tuned through the virtuality of the exchanged 
photon. A further possibility to pin down the reaction mechanism is provided 
by subthreshold production of charm. ELFE will in fact be working close to 
charm threshold, allowing for many interesting phenomena. A discussion of charm 
physics near threshold can be found in Ref. |1. 



4 Conclusions 

There are (at least) three central physics areas which require an accelerator with 
the capabilities of ELFE as given in Table 1: 

• The determination of hadron and nuclear wave functions. 

• Specifically nuclear effects: Color transparency ||, cumulative phenomena 

m - m- 



• Charm(onium) production near threshold ||. 

In addition to these core topics there are a number of areas where ELFE can 
improve on presently available data, such as 

- The nucleon structure function for 0.7 < x < 1, 

- Higher twist corrections of the form c(x)/Q 2 , 

- R = a L /a T , 
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- The gluon structure function, 



- Polarized structure functions. 

Significant advances in these areas are, however, expected from other experiments 
before ELFE starts operating. 

Finally, we should keep in mind that the whole area of 'confinement' physics 
is very important but at present poorly understood in QCD. It includes open 
questions like the influence of the QCD vacuum on scattering processes |39| and 



the foundations of the non-relativistic quark model (see, eg, [ i0| , f4Tf). It is difficult 
to assess today what the progress will be in this field. Nevertheless, it seems clear 
that systematic measurements of non-perturbative wave functions as discussed 
above will form an essential part of any serious effort to understand the hadron 
spectrum. 
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